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A light-receiving module having a light-receiving device on a die-capacitor 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[OOOl] This application contains subject matter that is related to the subject 
5 matter of the following applications, each of which is assigned to the same 
assignee as this application Each of the below-listed applications is hereby- 
incorporated herein by reference in its entirety- 

"Alight-receiving Module" by Kohmoto et aL, Ser. No. 10/373,186; and 
"A light-receiving Module" by Kohmoto et al., Ser. No. 10/397,839. 
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BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] This invention relates to a light-receiving module, in which a light- 
receiving device is mounted on a die capacitor, and a method for 
1 5 manufacturing the same. 

[0004] 2. Related Prior Art 

[0005] A conventional light-receiving module has been disclosed in, for 
example, United States Patent 5,652,425. The optical module in the patent 

20 comprises a light-receiving device, a capacitor having a capacitance 

equivalent to the light-receiving device and connected thereto, and a pre- 
amplifier for amplifying the output signal of the light-receiving device. These 
components are enclosed in a package with the TO standard. 
[0006] In the light-receiving module, the light-receiving device is mounted 

25 on the die-capacitor and electrically connected to the upper electrode of the 
die -capacitor to reduce leak current from the light-receiving device to the 
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package. In such arrangement, the light-receiving device is mounted on and 
fixed to the die capacitor with an adhesive. However, when the light- 
receiving device is mounted after applying the adhesive on the upper 
electrode, the adhesive may spread to a region where the bonding- wire is to 
5 be bonded, which causes an unreliable bonding between the bonding-wire 
and the upper electrode of the die -capacitor. 

[0007] One object of the present invention is to provide a light-receiving 
module that has a hght-receiving device on a die-capacitor and the wire 
bonding between the light-receiving device and the electrode of the die- 

I 0 capacitor is reliably preformed. 

SUMMARY OF THE INVENTION 

[0008] According to the present invention, a light-receiving module 
comprises a stem, a first die -capacitor, a light-receiving device and a bonding- 

I 5 wire. The first die -capacitor is mounted on the stem and has an upper 

electrode including a mounting area and a bonding area. The light-receiving 
device is mounted on and fixed to the mounting area of the upper electrode 
with a fixing material. The bonding-wire electrically connects the light- 
receiving device to the bonding area of the upper electrode. In the present 

20 invention, the upper electrode of the die-capacitor has a structure for 

interrupting the fixing material from spreading from the mounting area to 
the bonding area. 

[0009] The interrupting structure may be a slit and a groove both formed in 
the upper electrode of the die -capacitor. The fixing material may be an 
25 adhesive and a conductive resin. 

[OOlO] Since the upper electrode of the die-capacitor has a interrupting 
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structure for interrupting the fixing material from spreading from the 
mounting area to the bonding area, the wire bonding to the upper electrode 
can be enhanced in its connecting reliability. 

5 BRIEF DESCRIPTION OF DRAWINGS 

[00 ll] FIG. 1 is a plan view showing the light-receiving module according to 
the present invention?* 

[0012] FIG. 2 is a cross sectional view of the light-receiving module along the 
line IMI in FIG. i; and 
1 0 [0013] From FIG. 3A to FIG. 3C are showing the process for manufacturing 
the light-receiving module of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0014] Next, preferred embodiments of a light -receiving module and a 
1 5 manufacturing method of the light-receiving module will be described as 
referring to accompany drawings. 

[0015] FIG. 1 is a plan view of a light-receiving module according to the 
present invention, FIG. 2 is a vertical cross sectional view of the light- 
receiving module. The light-receiving module 1 includes a stem 2 with a 

20 substantially disk shape, which has a plurality of lead terminals 3 to 7. The 
lead terminal 3 is for grounding the stem 2, which is attached to a center of 
the stem 2 in a secondary surface thereof. The lead terminals 4 and 5 are for 
supplying bias voltage within in the module 1, and the lead terminals 6 and 7 
are for outputting signals therefrom. These lead terminals from 4 to 7 pass 

25 through the stem 2 and are fixed to the stem 2 by seal glass 7. The stem 2 
also has a cover, which is not shown in FIG. 2 and FIG.3, with a lens 



provided in a center thereof. 

[0016} On the stem 2, a die-capacitor-Q is provided. The die-capacitor 9 has 
an upper electrode 10, a lower electrode 10 and a dielectric material 12 
therebetween, which constitutes a parallel-plate capacitor. The lower 

5 electrode 11 faces the stem 2 and electrically contact to the stem 2, 

accordingly the lower electrode 11 is grounded. The upper electrode 10 is 
made of layered metal, such as tantalum nitride/titanium/palladium/ gold 
from the dielectric material in this order. On the other hand, the lower 
electrode 11 is made of another layered metal, such as 

I 0 titanium/palladium/gold. The dielectric material is, for example, aluminum 
oxide, silica glass, or titanium dioxide. 

[0017] A longer side of the die-capacitor 9 is about 1.1mm, while a shorter 
side thereof is about 0.6mm. The thickness of the die-capacitor 9 is typically 
from 130 Mm to 180 Mm. 

1 5 [0018] A slit 13 is provided in the upper electrode 10 of the die-capacitor for 
prohibiting adhesive from spilling. The slit 13 extends from one side to a 
point close to a corresponding side of the upper electrode 10. Since the upper 
electrode is not electrically arid physically divided into two portions, 
capacitance necessary for the circuit design may be obtained. 

20 [0019] A light-receiving device 14 is die-bonded on the upper electrode 14. 
The light-receiving device 14 is a semiconductor device that converts a light 
signal entered from an optical fiber disposed over the module 1, which is not 
shown in FIG. 1 and FIG. 2, into an corresponding electrical signal. The 
light-receiving device includes a photodiode and a resistor monolithically 

25 integrated in, the device 14. By placing the light-receiving device 14 on the 
upper electrode 10 of the die-capacitor 9, a leak current from electrodes of the 
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light receiving device 14 to the stem 2 may be reduced, and a region where 
^ ^ the electrical device is to be mounted is effectively utilized.- The light- 
receiving device 14 is positioned on the die-capacitor 9 such that the light- 
sensing region of the light-receiving device 14 locates in a center of the stem 
1j 2. Thus, light emitted from the optical fiber disposed over the module 

effectively enters the light-sensing region of the light-receiving device 14 
through the lens provided in the cover. 

[0020] The light-receiving device 14 is electrically connected to the lead 
terminal 4 though a bonding wire 15, which enables the light-receiving device 

1 0 14 to be biased. 

[0021] Further, the light-receiving device 14 is wire -bonded to the upper 
electrode of the die-capacitor 9 via a bonding wire 16, which forms a filter 
circuit, a low-passing filter, with a resistor integrated in the light-receiving 
device 14 and the die capacitor 9. Accordingly, the light-receiving device 14 

! 5 may be operated in stable. The bonding wire 16 is stretched from the light- 
receiving device 14 to the upper electrode 10 so as to cross over the slit 13. 
[0022] On the both sides of the die-capacitor 9, additional die -capacitors 17 
and 18 are disposed. The die-capacitor 17 has an upper electrode 19, a lower 
electrode 20 and a dielectric material 21 therebetween. Another die-capacitor 

20 also has an upper electrode 22, a lower electrode 23 and a dielectric material 
24 therebetween. The lower electrodes 20 and 23 of respective die-capacitor 
17 and 18 face the stem and are electrically connected thereto. 
[0023] Adjacent to the die-capacitor 9 on the stem 2, a pre-amplifier 25 is 
disposed. The pre-amplifier 25 amplifies the signal output from the light* 

25 receiving device 14. The pre-amplifier 25 is electrically connected to the lead 
terminal 5 via a bonding wires 26 and 27, and the upper electrode 19 of the 
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die -capacitor 17, which enables that the pre-amphfier 25 is biased from the 
lead terminars. The . die-capacitor 17 operates as a coupling capacitor for the ■ - 
voltage source of the pre -amplifier 25. The pre-amplifier 25 is connected to 
the stem 2 via a bonding wire 28. 
5 [0024] Furtfier, the pre-amplifier 25 couples to the light-receiving device 14 
via a bonding wire 29, which enables the output of the light-receiving device 
14 to be input to the pre-amplifier 25. The lead terminals 6 and 7 are 
connected to the pre-amplifier 25 via bonding wires 30 and 31, The respective 
outputs from the lead terminals 6 and 7 are complementary to each other, 

1 0 namely, an phase of output signal from the lead terminal 6 is shifted by 180 
as compared to the output signal from the lead terminal 7. 
[0025] The pre amplifier 25 is also connected to the upper electrode 22 of the 
die capacitor 18 via the bonding wire 32. The die-capacitor 18 operates as a 
supplementary capacitor of the filtering circuit integrated within the pre- 

1 5 amplifier 25. Although bonding wires shown in the drawings have a string 
shape, a ribbon-shape wire may be applicable for connecting devices and lead 
terminals. 

[0026] Next, an assembling method of the light-receiving module 1 will be 
described. 

20 [0027] First, the stem 2 and die -capacitors 9, 17 and 18, the light-receiving 
device 14 and the pre amplifier 25 are prepared. The upper electrode 10 of 
the die -capacitor 9 has the slit 13 as previously described. The slit 13 may be 
formed in advance or in simultaneous with the assembly of the light- 
receiving module 1. The die-capacitors 9, 17 and 18, and preamplifier 25 are 

25 mounted on and fixed to the stem 2. 

[0028] Next, an adhesive D for the die bonding is spread on a center portion 
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of the vipper electrode 10 of the die -capacitor 9, as shown in FIG. 3A. The 
light-receiving device 14 is put on the adhesive D and is fixed to the upper 

electrode 10 as shown in FIG. 3B. 

[0029] When the light -receiving device 14 is put on the adhesive D, the 
5 adhesive may spread to all directions. Since the slit is provided on the side of 
the bonding area S on the upper electrode 10, where the wire bonding is to be 
performed to the light-receiving device 14, as shown in FIG. 3B, the adhesive 
may be interrupted to spread beyond the slit 13 and can not arrive to the 
bonding area 

1 0 [0030] Subsequently to the die mounting of the light-receiving device 14, the 
upper electrode 10 of the die-capacitor 9 and the electrode on the light- 
receiving device 14 are wire-bonded to each other as shown in FIG. 3C. Since 
the bonding area S is free from the adhesive D, the bonding-wire 16 may be 
reliably contacted to the upper electrode 10. Other die-bonding, such as 

1 5 between the light-receiving device 14 and the pre-amplifier 25, between the 
pre -amplifier 25 and the lead terminals 5 to 7, and between the stem 2 and 
die -capacitors 18, are performed. 

[0031] The present invention does not restricted to preferred embodiments 
described. One alternation, for example, the upper electrode 10 of the die- 

20 capacitor may have a groove for interrupting the adhesive to spread in stead 
of the slit 13. Although the embodiments have plural die -capacitors for 
mounting the light-receiving element, for coupling the bias supply and for 
supplementing the filtering circuit, the die-capacitor may be formed in single 
body and the upper electrode thereof is divided into three portions, each for 

25 the mounting, for the coupling and for the supplementing. Further, the 

adhesive is used for fixing the light-receiving device to the upper electrode 10 
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of the die-capacitor 9 in the preferred embodiments described, the fixing 
rn'atei-ial is not restricted to such adhesive. A conductive resin may also be 
applicable for the fixing material. 



